Purpose To describe and identify ocular and wound characteristics, and prognostic factors associated with final visual acuity (VA) in patients with scleral rupture due to blunt ocular trauma. Methods The medical records of 61 patients with globe rupture due to blunt ocular trauma who underwent primary repair were reviewed retrospectively. The data recorded included demographic characteristics, initial and final VA, ocular signs, wound characteristics, and surgeries. Initial VA, ocular signs, wound characteristics, and surgeries were analyzed to determine the association with the final VA. Results Forty three women and 18 men with a mean age of 43.6 ± 23.5 years were included in the study. The locations of scleral wounds were mostly in the superonasal quadrant (41.0%) and zone 2 (75.4%). In eyes with hyphema (P = 0.009), vitreous hemorrhage (P = 0.001), and retinal detachment (P = 0.004), final VA was statistically worse than eyes without these signs. A moderate positive correlation was found between the initial and final VA (Po0.001). Final VA was statistically worse in eyes with horizontal midline wounds than in eyes with vertical midline wounds (P = 0.002). A moderate negative correlation was found between scleral wound length and final VA (Po0.001). Patients who underwent cataract surgery had statistically better final VA (P = 0.002). Conclusions Scleral rupture was detected mostly in females, superonasal quadrant and zone 2. Poor final VA was significantly associated with poor initial VA, longer wound length, horizontal midline wound, presence of hyphema, vitreous hemorrhage and retinal detachment at presentation, and cataract surgery not performed during followup period. Scleral ruptures have different demographic, ocular and wound characteristics than other open globe injuries.
Introduction
Open globe injuries (OGIs) are a major cause of visual loss and blindness. The mean estimated incidence of OGIs is~3.5 cases in 100 000 annually, leading to 200 000 OGIs per year worldwide. 1 A globe rupture is a type of OGI caused by blunt ocular trauma and has poor visual outcome. 2 Several studies have suggested that the factors that significantly predict visual outcome after OGIs are presenting visual acuity (VA), [3] [4] [5] [6] presence of a relative afferent pupillary defect (RAPD), 3, [7] [8] [9] mechanism of injury, 4, 6, 7, 10, 11 wound location, 8, 10, [12] [13] [14] wound size and extension, 10, 11, 15, 16 adnexal trauma, 7, 9, 12, 17 lens damage, 4, 11 hyphema, 3, 11 vitreous hemorrhage, 3, 4, 8, 10, 12 and retinal detachment. 4, 5, 7, 12, 17 The major signs of scleral rupture are VA with light perception or less, conjunctival edema and subconjunctival hemorrhage, hyphema, ocular hypotony, impairment or dislocation of the lens, vitreous hemorrhage, and retinal detachment. 15, 16, 18 To our knowledge, there are not enough studies on the clinical characteristics and their effects on final VA in eyes with scleral rupture. Russell et al determined that an initial VA of 5/200 or beter, absence of scleral rupture, and a rupture length of less than 11 mm were prognostic factors of ambulatory vision for eyes with ruptured and intact globes after blunt trauma. 15 The absence of a hyphema and the presence of a rupture of 9 mm or less were reported as good prognostic signs. 16 In the present study, we aimed to describe and identify ocular and wound characteristics and prognostic factors associated with final VA in patients with scleral rupture due to blunt ocular trauma.
Materials and methods
The medical records of patients with OGIs who underwent primary repair between January 2008 and December 2013 were reviewed retrospectively. Sixty one eyes of 61 patients with scleral rupture due to blunt ocular trauma were included in the study. This study was approved by the local research ethics committee.
The data recorded included demographic characteristics, initial and final VA, ocular signs (hyphema, endophthalmitis, uveal tissue prolapse or damage, dislocation of the lens, phacocele, traumatic cataract, vitreous hemorrhage, and retinal detachment), wound characteristics (location, direction, and length), and surgeries.
The type and zone of injury were defined according to the classification system of the Ocular Trauma Classification Group. 2 Globe rupture was defined as a full thickness wound of the eye wall involving the sclera with or without the cornea due to blunt ocular trauma. The location of injury was defined as zone 1 (wound involvement limited to the cornea, including corneoscleral limbus), zone 2 (wound involving 5 mm of sclera from the corneoscleral limbus), or zone 3 (wound involving the sclera posterior to the 5 mm from the corneoscleral limbus). Zone 1 injuries were excluded from the study because of the absence of scleral wound. The location of injury was additionally defined as superonasal quadrant, inferonasal quadrant, superotemporal quadrant, inferotemporal quadrant, horizontal midline, and vertical midline. According to the direction to the limbus, the wound was defined as parallel, perpendicular or angled, or both. Location and direction of the scleral rupture are illustrated in Figure 1 . The lengths of scleral and corneal wounds were recorded from charts of the globe repair.
In this study, presenting and final VA were grouped (1 through 5) as no light perception (NLP), light perception (LP)/hand motion (HM), 1/200 to 19/200, 20/200 to 20/50, and ≥ 20/40, similar to the Ocular Trauma Score study group. 19 In addition to the zone 1 injuries, penetrating and perforating injuries, cases with missing records and those with a follow-up period of less than 6 months were excluded from the study.
Statistical methods
The following variables were analyzed to determine the association with final VA: initial VA, wound length, wound location, wound direction, presence of corneal wound, dislocation of lens or phacocele, uveal tissue prolapse or damage, hyphema, vitreous hemorrhage and retinal detachment at presentation, traumatic cataract, performance of vitrectomy and cataract surgery during follow-up period.
The statistical analysis was performed using V21 IBM SPSS (SPSS Inc., Chicago, IL, USA). The Shapiro-Wilk test was used as a normality test for the quantitative data. The Kruskal-Wallis and Mann-Whitney U tests were used to compare non-normally distributed data. The MannWhitney U-test with Bonferroni correction was used to determine the source of the differences seen in the Kruskal-Wallis test. The χ 2 -test was used to compare categorical data. The relationships between variables were analyzed with Spearman's correlation. The results were presented as median (min-max), frequency (percent), and mean ± SD. A P-value of o0.05 was considered statistically significant. A P-value of o0.003 was considered statistically significant for the MannWhitney U-test with Bonferroni correction.
Results
Sixty one eyes of 61 patients with scleral rupture due to blunt ocular trauma were included in the study. Fortythree (70.5%) were women, and 18 (29.5%) were men. The mean age was 43.6 ± 23.5 (5-80) years. The mean follow up period was 11.5 ± 9.4 (6-36) months.
Slit-lamp biomicroscopic examination revealed subconjunctival hemorrhage (61/61, 100%), hyphema (58/61, 95.1%), dislocation of the lens or phacocele (13/61, 20.6%), and uveal tissue prolapse or damage (32/61, 52.4%) at presentation. The hyphema was partial in 24 (39.3%) and total in 34 (55.7%) of 61 eyes. Relative afferent pupillary defect could not be assessed because of the dense or full hyphema in these eyes. X-ray computed tomography (CT) was performed on all patients before the operation. B-scan ultrasonography was done in all cases after the primary operation. Vitreous hemorrhage was detected in 43 (70.5%) of 61 eyes, and retinal detachment was detected in 25 (40.9%) of 61 eyes by ultrasonography. None of the eyes had an intraocular foreign body. There were no cases of acute endophthalmitis. The clinical characteristics of the patients can be seen in Table 1 .
Initial VA ranged from NLP (n = 20, 32.8%) to 20/60 (n = 1, 1.6%). Final VA ranged from NLP (n = 26, 42.6%) to 20/20 (n = 3, 4.9%). The distribution of initial and final VA can be seen in Table 1 .
There were 46 (75.4%) zone 2 and 25 (24.6) zone 3 injuries. Scleral rupture was present in the right eye in 28 (45.9%) of 61 cases and in the left eye in 33 (54.1%) of 61 cases. The locations of scleral wounds were mostly in the superonasal quadrant (25/61, 41.0%); other locations can be seen in Table 1 . The wound was parallel in 27 (44.3%) cases, perpendicular or angled in 28 (45.9%), and both in 6 (9.8%) of 61 eyes. There was a corneal involvement of wound in 24 (39.3%) of 61 eyes. Sixteen (34.8%) eyes with zone 2 and 8 (%53.3) eyes with zone 3 injuries had corneal involvement. The lengths of scleral and total (sclera+cornea) wounds were 9.04 ± 5.9 and 12.42 ± 5.7 mm, respectively.
All the eyes underwent primary globe repair. The mean time duration between injury and primary globe repair was 6.85 ± 3.3 (3-16) h. None of the eyes were primarily eviscerated or enucleated. Eleven (18.0%) of 61 eyes underwent secondary evisceration due to painful blind eye. Sixteen (26.2%) of 61 eyes underwent cataract surgery, and 8 (13.1%) of 61 eyes underwent vitreoretinal surgery after primary globe repair.
The rate of phthisical eye was 24.6% (15/61) during the follow up period. The hyphema was partial in 13.3% (2/15) and total in 86.7% (13/15) of phthisical eyes. Vitreous hemorrhage and retinal detachment were detected in 100% (15/15) and 86.7% (13/15) of phthisical eyes, respectively. Initial VA was NLP in 66.7% (10/15) and LP/HM in 33.3% (5/15) of phthisical eyes.
Visual outcome
The initial clinical signs were analyzed to determine which factors were associated with poor final VA. In eyes with hyphema (P = 0.009), vitreous hemorrhage (P = 0.001), and retinal detachment (P = 0.004), final VA was statistically worse than eyes without these signs. An association between uveal tissue prolapse or damage, dislocation of the lens or phacocele and final VA was not detected. A moderate positive correlation was found between the initial and final VA (Correlation Coefficient = 0.588, Po0.001), as seen in Table 1 .
Final VA was statistically worse in eyes with horizontal midline wounds than in eyes with vertical midline wounds (P = 0.002). There were no significant associations between other wound locations and final VA. An association between zone of injury, wound direction, corneal wound presence and final VA was not detected, as seen in Table 1 . A moderate negative correlation was found between scleral, total wound lengths and final VA (Correlation Coefficient = − 0.496 and − 0.417, and Po0.001 and P = 0.001, respectively).
There was no significant association between between final VA and time duration between injury and primary globe repair (P = 0.383). In eyes that underwent cataract surgery, final VA was statistically better (P = 0.002), but an association between vitreoretinal surgery and final VA was not detected, as seen in Table 1 .
Total hyphema (P = 0.01), vitreous hemorrhage (P = 0.01), retinal detachment (P = 0.001), and initial VA of NLP (P = 0.007) were factors predictive of phthisical eyes. An association between phthisical eyes and other ocular and wound characteristics was not detected.
Discussion
Numerous studies have been published to correlate final visual outcome with several factors related to OGIs. To our knowledge, there are not enough studies on the clinical characteristics and their effects on final VA in eyes with scleral rupture. This study identified associations between wound and ocular characteristics, surgeries and final VA in patients with scleral rupture due to blunt ocular trauma. Open globe injuries occur most frequently in males. 3, [5] [6] [7] [8] [9] 12 In contrast to the literature, a significant female predominance was found in our scleral rupture series. Emami-Naeini et al 14 reported a female predominance in fall-related OGIs. In addition, in their series, the most common type of injury was rupture (90%). Because of this; we proposed that globe rupture may affect female patients more. Our hospital is a regional hospital that serves both rural and urban areas. In this region, women also take an active role in working life. Especially, in rural areas, women are working in the fields and farming. Therefore, women are more exposed to work accidents. Open globe injuries can be observed in all age groups, especially between 30 and 50 years old. 3, 5, 7, 9, 11, 12 In our study, the mean age was 43.6 ± 23.5 (5-80) years, and this is similar to previous reports.
The rates of patients with VA of NLP were 32.8 and 42.6% at initial and final visits. Bi et al reported the rates of patients with VA of NLP and o0.1 were 30.7% and 100%, respectively, at initial presentation in their ruptured globe injury series. The ratio of better VA (better than 0.1) increased from 0 preoperatively to 16.0% postoperatively, and VA improved in approximately half of the patients. 20 We found a moderate-positive correlation between the initial and final VA. Poor initial VA was a strong predictor of poor visual outcome (Po0.001). Visual acuity changed from NLP to 20/32 in only one patient (1/19, 5.2%). In 7 patients (7/42, 16.7%), VA changed from LP or better to NLP. Visual recovery rate from NLP to LP or better for OGIs varies in the literature; Agrawal et al, Salehi-Had et al, and Soni et al reported it in 33.3%, 26.1%, and 23% of their patients, respectively. 8,21, 13 Feng et al reported a 54.5% visual recovery rate in patients who underwent vitreoretinal surgery. 10 In our series, hyphema was seen in 95.1% of patients. Russel et al 15 reported that the rate of hyphema was 78.9% in eyes with occult ruptures. This rate was reported to be 20.1 to 100% in severe OGIs in the literature. 5, 7, 8, 10, 13, 14 Hyphema was a prognostic factor for poor final VA (P = 0.009) in our study. Rofail et al 3 reported hyphema was a predictor of poorer visual outcome. Although, in some studies, multiple regression analysis demonstrated that there was no correlation between hyphema and final VA. 5, 7 Dislocation of the lens or phacocele was seen in 20.6% of patients. Sixteen (26.2%) patients underwent cataract surgery. In the literature, there are studies that have reported similar rates of lens injury and traumatic cataract 8, 17 and studies that have reported higher rates of lens injury and traumatic cataract. 4, 6, 12 Patients who underwent cataract surgery had statistically better final VA (P = 0.002) in our study. Al-Mezaine et al 4 said that poor final visual outcome was associated with cataract surgery if it was not performed during the follow-up period. In contrast, some studies detected no association between lens injury or traumatic cataract and visual outcome. 6, 8, 12 Uveal tissue prolapse or damage was seen in 52.4% of patients. In contrast to the results of some studies, uveal tissue prolapse or damage was not a predictor of visual outcome in our series. In the series by Rofail et al, 3 iris prolapse occurred in 47.6% of patients, and it was a predictor of poor visual outcome. Likewise, in the series by Yalcin Tök et al, 5 uveal tissue prolapse occurred in 21.7% of patients, and it adversely affected final VA.
Bi et al reported choroidal injuries in 62.7% of patients with ruptured globe injuries. They said that choroidal injury could result in severe hemorrhage, scarring, and proliferation. 20 We did not use ultrasound biomicroscope to determine ciliary or choroidal injuries. We detected high rates of vitreous hemorrhage and VA of NLP. This could be a result of ciliary or choroidal injuries. The rate of vitreous hemorrhage was 70.5% in our series. Similar to the results of many studies, vitreous hemorrhage was a prognostic factor for poor final VA (P = 0.001). In the study by Rofail et al, 3 vitreous hemorrhage was seen in 40.6% of patients and was reported as a predictor of poor They found an association between vitreous hemorrhage and poor postoperative outcome. 8 However, some studies found no association between vitreous hemorrhage and visual outcome. 6,13,14 Feng et al 10 considered that severe intraocular hemorrhage was not only a predictor of an unfavorable outcome, but also a reflection of the seriousness of the ocular damage, which includes severe intraocular tissue injury, such as to the choroid and retina. In our study, retinal detachment was detected in 40.9% of patients. Retinal detachment was a prognostic factor for poor final VA (P = 0.004). In the study by Feng et al 10 retinal detachment was seen in 51.5% of patients whose vision was NLP, and it was a prognostic factor for outcome. There are studies reporting lower retinal detachment rates and significant association between retinal detachment and final VA. 4, 5, 7 Conversely, some studies reported that retinal detachment was not a predictor of outcome. 6, 8, 13, 14 An association between vitreoretinal surgery and final VA was not detected in our study. Al-Mezaine et al reported that performance of pars plana vitrectomy was a significant negative predictor for good final VA but was a significant positive predictor for an intermediate visual outcome. 4 Emami-Naeini et al 14 suggested PPV had a role in preventing and/or diminishing the risk of developing NLP in posterior segment complications associated with fall-related OGIs. Feng et al 10 said that traumatized eyes with NLP can be anatomically restored with LP or better vision if vitreoretinal surgery is attempted. Russell et al 15 said that the vitrectomized eyes had a better result, suggesting that early pars plana vitrectomy is of benefit in selected rupture cases.
Eleven (18.0%) eyes underwent secondary evisceration in our series. The rate of evisceration-enucleation was compatible with some studies 3,9,12,17 but was lower than the 53% in the study of Soni et al However, in their study, all eyes had NLP of VA. 13 There was no case of acute endophthalmitis in our study. The incidence of post traumatic endophthalmitis varied from 1.2 to 30% in previous OGI series. 5, 14, 17, 22 The risk factors for endophthalmitis are presence of intraocular foreign body, trauma in a rural environment, delayed primary surgery, delayed systemic antibiotic treatment for 424 h, lens disruption, low age, low visual acuity at presentation, and long duration of hospital stay in OGIs. [22] [23] [24] Thompson et al 23 reported that endophthalmitis did not occur in eyes with blunt ocular injury, which is similar to our results. Emami-Naeini et al reported an extremely low rate of endophthalmitis (1.2%) in fall-related OGIs in which rupture is the most common type of injury (90%). 14 In our study, all injuries were zone 2 and 3 injuries. In contrast to most previous reports, there was not a significant association between zone of injury and final VA in our study. These studies reported that final visual outcomes were significantly correlated with the zone of injury. Greater posterior wound extension leads to poorer final outcomes, and eyes with zone 3 injuries were more statistically associated with poor VA. 2, 4, 6, 8, 10 Yalcin Tok et al 5 found that the risk of having a final VA worse than 20/200 was three times higher in zone2 injuries and 5.5 times higher in zone 3 injuries when compared with zone 1 injuries. Posterior segment injury can cause irreversible damage to the retina and optic nerve and thus has a poor visual prognosis. In the study by Al-Mezaine et al 4 OGIs involving zones 2 and 3 resulted in significantly higher rates of retinal detachments and phthisis than those involving zone 1. In the study by Agrawal et al cases with zone 3 injuries not extending beyond 'annulus of Zinn' were associated with good outcomes. The possible explanation for adverse outcomes in injuries extending beyond 'annulus of Zinn' is significant vitreo-retinal trauma associated with posteriorly extending scleral laceration. They said that based on the justification given by Ocular Trauma Classification Group, they have arbitrarily taken it as 5 mm as injuries in that zone may not extend into pars plana. 11 We did not evaluate the relationship between visual outcome and extent of wound according to the rectus muscle insertion.
The locations of scleral wounds were mostly in the superonasal quadrant (41.0%) in our study. Russel et al found that the rupture occurred superiorly in 18 of 22 eyes with severe blunt ocular trauma. They reported that rupture was detected mostly in the superotemporal quadrant. 15 In Cherry's report, 33 of the 41 anterior ruptures were located in the superior half of the eye. The nasal-superior quadrant between the limbus and spiral of Tillaux, the temporo-superior quadrant between the spiral of Tillaux and 5 mm posterior to the equator, and the temporosuperior quadrant between the limbus and spiral of Tillaux were the three most common areas involved, in decreasing order of frequency. 16 Most of the scleral ruptures involved the superior hemisphere of the globe. We detected worse final VA in eyes with horizontal midline wound than in eyes with vertical midline wound (P = 0.002) and no significant associations with other wound locations and final VA. This might be explained by the rupture of long ciliary arteries and nerves, which may increase hemorrhage and delay or deteriorate wound healing.
According to the direction to the limbus, the wound was parallel in 44.3%, perpendicular or angled in 45.9%, and both in 9.8% of eyes. There was not a significant association between wound direction and final VA in our study. Russel et al 15 found circumferentially oriented rupture in 36%, radially oriented rupture in 28%, and both circumferentially and radially oriented rupture in 36% of 25 patients. Agrawal et al reported that length of laceration or radial extent of scleral wound significantly affected the final vision outcome in zone 3 penetrating or blunt injuries. They thought that the radial scleral lacerations extending beyond rectus insertions were often associated with poorer outcome because of co-morbid factors such as retinal detachment, vitreous traction, and significant vitreous loss. 11 To our knowledge, there are no studies in the literature about wound location and direction and their effects on final VA in the scleral rupture due to blunt ocular trauma.
There was a corneal involvement of wound in 39.3% of eyes in our study. There was no significant association between presence of corneal wound and final VA. Lee et al reported that cornea wound across the pupil was a poor prognostic factor. They thought that the central location and irregularity of the corneal wound, instead of the length, would result in scarring and significant astigmatism and correlate with an unfavorable outcome. But in their study, penetrating injuries were the major type of injury. 25 A moderate negative correlation was found between wound length and final VA in this study. Russel et al 15 reported that final VA correlated inversely to the length of the rupture. Feng et al and Cherry detected that wound length of 9 mm or less was associated with good visual outcome and that wound length of ≥ 10 mm was associated with poor visual outcome. 10, 16 Al-Mezaine et al detected that wound length of 10 mm or less was associated with good visual outcome and that wound length of 410 mm was associated with poor visual outcome. 4 Pieramici et al said that larger wounds tend to involve more posterior structures and the prognostic implication of wound length is probably the posterior extent of the injury. As such, they felt that the identification of wound location was the more important factor and that additionally reporting wound length would be redundant. 2 But, some ruptures are parallel to the corneoscleral limbus and not extent to the posterior of the globe.
In this study, rupture was detected mostly in females, superonasal quadrant and zone 2. Poor final VA was significantly associated with poor initial VA, longer wound length, horizontal midline wound, presence of hyphema, vitreous hemorrhage and retinal detachment at presentation, and cataract surgery not performed during follow-up period. A moderate positive correlation was found between initial and final VA, and a moderate negative correlation was found between wound lengths and final VA. Scleral ruptures have different demographic, ocular and wound characteristics than other OGIs. The careful assessment of prognostic factors of the scleral rupture due to blunt ocular trauma allows realistic expectations of final visual outcome by doctors and patients.
Summary
What was known before K Numerous studies have suggested that the factors that significantly predict visual outcome after OGIs are presenting VA, presence of a relative afferent pupillary defect, mechanism of injury, wound location, wound size and extension, adnexal trauma, lens damage, hyphema, vitreous hemorrhage, and retinal detachment.
K OGIs occur most frequently in males. K Ruptures are located in the superior half of the eye. K To our knowledge, there are no studies in the literature about wound characteristics and their effects on final VA in the scleral rupture due to blunt ocular trauma.
What this study adds K This study has identified associations between wound and ocular characteristics, surgeries and final VA in patients with scleral rupture due to blunt ocular trauma.
K Scleral upture was detected mostly in females, superonasal quadrant and zone 2.
K Poor final VA was significantly associated with poor initial VA, longer wound length, horizontal midline wound, presence of hyphema, vitreous hemorrhage and retinal detachment at presentation, and cataract surgery not performed during follow-up period.
K A moderate positive correlation was found between the initial and final VA and moderate negative correlation was found between wound length and final VA.
